The purpose of the current study was to examine the relationship between pressure injury development and the Braden Scale for Pressure Sore Risk subscale scores in a surgical intensive care unit (ICU) population and to ascertain whether the risk represented by the subscale scores is different between older and younger patients. DESIGN: Retrospective review of electronic medical records.
INTRODUCTION
Hospital-acquired pressure injuries occur in 3% to 24% of acutely ill patients in the United States; they are associated with longer hospital stays, increased morbidity, and human suff ering. [1] [2] [3] Among hospitalized older adults, pressure injuries are twice as common among those admitted to the intensive care unit (ICU), which is particularly concerning because older age is a risk factor for both ICU admission and slower healing of pressure injuries. 4 , 5 In the United States, pressure injury risk has historically been ascertained using the Braden Scale for Predicting Pressure Sore Risk (Braden Scale). 6 Th e Braden Scale is the sum of 6 subscales and was developed to be used for planning eff ective pressure injury prevention interventions; however, the use of a cumulative score to ascertain pressure injury risk is controversial. A recent systematic review found that formal pressure injury risk assessment tools with associated intervention protocols were no more eff ective in preventing pressure injuries than usual care.
Moreover, although older age is a risk factor for pressure injury development in the critical care population, no studies have examined pressure injury risk associated with Braden Scale subscale scores in older people specifi cally. 3 , 10 , 11 Th e purpose of the Braden Scale is to help clinicians plan eff ective pressure injury prevention interventions. Th e scale is comprised of 6 items (subscales): sensory perception, moisture, activity, mobility, nutrition, and friction/shear. Cumulative scores range from 6 (highest risk) to 23 (lowest risk). Evidence concerning pressure injury development based on cumulative Braden Scale score is mixed ( Table 1 ). While the cumulative Braden Scale score identifi es most critical care patients who go on to develop a pressure injury (high sensitivity), cumulative scores classify most critical care patients as "at risk" for pressure injuries, thus limiting its specifi city. 9 In contrast, few studies have examined Braden Scale subscale scores in critical care patients. Cox 9 conducted a systematic review of the literature and concluded that more information was needed. Among studies that examined Braden subscale scores, 4 subscales (friction/shear, moisture, mobility, and sensory perception) demonstrated some predictive value on multivariate analysis whereas 2 subscales (nutrition and activity) did not. 9, 10, 12, 22, 23 However, a major methodological limitation noted by Cox 10 was lack of a repeated-measures approach. Subscale scores were obtained from a single point in time (eg, admission) or were averaged in some way, failing to refl ect the dynamic nature of critical care patients' physiologic status.
In an eff ort to analyze the risk represented by the various Braden subscales, Gadd 8 reviewed medical records of 20 patients with hospital-acquired pressure injuries and concluded that some injuries might have been avoided if preventive interventions based on Braden Scale subscale scores were implemented. Additional research is needed to confi rm these fi ndings and to identify the magnitude of risk represented by the various subscale scores. Th e purpose of this study was to identify pressure injury risk associated with the Braden Scale cumulative and subscale scores in critical care patients and to determine whether the risk represented by subscale scores is diff erent between older and younger patients.
METHODS
Working with a biomedical informatics team, we queried an enterprise data warehouse for electronic health record (EHR) data matching our sampling criteria and variables of interest. We refi ned the query and the data using an iterative approach entailing data validation procedures and iterative review by domain experts, data stewards, and the biomedical informatics team. We validated the data extracted from the EHR by manually comparing the values and date/time stamps found in the extracted data to those displayed in the human-readable system views for 60 cases. On implementing the fully developed query for all manually validated cases, we found consistent values and date/time stamps.
Th e sample comprised patients admitted to the ICU at an academic medical center in the Western United States (Utah) and level 1 trauma center between January 1, 2008, and May 1, 2013. Th e main inclusion criterion was admission to our adult surgical ICU or cardiovascular ICU, either directly or following an acute care stay. We included individuals younger than 18 years who were admitted to the adult ICU in an eff ort to study the Braden Scale as it was actually used among all patients in the adult surgical ICUs. We excluded patients with pressure injuries present on admission to the ICU due to concern about misattribution of community-acquired pressure injuries as hospital-acquired pressure injuries. Study procedures were reviewed and approved by the University of Utah institutional review board (#00068783).
Outcome Measures
During the time period encompassed by the study, it was standard practice for nurses in the ICU to conduct a head-to-toe skin assessment and record Braden Scale scores at least once during each 12-hour shift (twice per day). Th e nurses received annual training on the Braden Scale and pressure injury identifi cation. We averaged the Braden Scale score for each shift to derive a once-daily value. Th e primary outcome variable was a hospital-acquired stage 2-4 pressure injury, deep tissue injury (DTI), or unstageable injury. Th e secondary outcome variable was a hospital-acquired pressure injury of any stage (stages 1-4, DTI, or unstageable). We did not include stage 1 pressure injures in the primary analysis due to concern about the diffi culty in diff erentiating between transient redness caused by friction or dermatitis versus true tissue injury 24 ; however, we did include stage 1 injuries in a separate secondary analysis in an eff ort to capture the full spectrum of tissue injury.
Data Analysis
We used time-dependent survival analysis to determine the hazards of developing a pressure injury based on the cumulative Braden Scale and each subscale score. We chose time-varying Cox regression to take into account all Braden Scale measurements, assuming that the hazard of developing a pressure injury changes in synchrony with the Braden Scale changes. For each subscale and for the total Braden Scale score, the lowest-risk category represented the reference. In addition, we used time-dependent Cox regression with natural cubic splines to model the association of developing a pressure injury with age by the total Braden Scale score and also by each Braden subscale category. We performed the analysis using statistical software STATA 13 (STATA Data Analysis and Software, College Station, TX), and the statistical signifi cance level was defi ned at α = .05.
RESULTS
Th e query produced 7218 records. We omitted 841 records due to incomplete patient IDs (examples include a date instead of an ID or single-digit numbers). Th e fi nal sample comprised 6377 patients admitted to the adult surgical ICU or adult cardiothoracic ICU; their mean age was 54 ± 19 years (mean ± SD). Th ere were 2403 females (38%) and 3924 males (62%). Th e majority of the sample was white (n = 4838; 78%). Th eir mean length of hospital stay was 10 ± 12 days (range, 1-229 days).
Two hundred fourteen individuals (4%) developed stage 2 or greater pressure injuries and 516 (8%) developed a stage 1 or greater injury ( Table 2 ) . Demographic information for individuals with and without pressure injuries are summarized in Table 3 .
Individuals with a cumulative Braden Scale scores between 10 and 12 (indicating high risk for pressure injury development) were 8.4 times (OR = 8.4, 95% confi dence interval [CI], 5.7-12.6) more likely to develop a pressure injury compared with people whose Braden Scale score indicated no risk ( ≥ 19). Among those in the severe-risk category (total score ≤ 9), the chances of developing a pressure injury were similar to patients in the moderate cumulative Braden score category (13) (14) ; their hazard rate ratios (HRRs) were 5.3 (95% CI, 1.6-17.1) and 5.7 (95% CI, 3.9-8.3), respectively ( Table 4 ).
Additional analysis revealed that individuals with a cumulative "high-risk" score were more likely to develop a pressure injury than individuals at the "severe-risk" level was refl ected in fi ndings from the Braden subscale scores, with the exception of the friction/shear subscale ( Table 4 ) . Th e eff ect was particularly 
Risk of Pressure Injury: All Stages
Analysis based on inclusion of all pressure injuries (including stage 1) was similar to the results for stages 2-4, DTI, and unstageable injuries described earlier ( Table 5 ) . Individuals with a cumulative Braden Scale score between 10 and 12 (high risk) were 6.7 times (95% CI, 4.8-9.4) more likely to develop a pressure injury compared with people whose Braden Scale score indicated no risk ( ≥ 19). Among those in the severe-risk category (total score ≤ 9), the chances of developing a pressure injury were similar to patients in the moderate cumulative Braden score category (13) (14) , with hazard rate ratios of 4.6 (95% CI, 1.7-12.7) and 4.8 (95% CI, 3.6-6.6), respectively ( Table 4 ) .
Th e fi nding that individuals with a cumulative high-risk score were more likely to experience pressure injury development than individuals at the severe-risk level was also refl ected in the results for the various subscale scores, with the exception of the friction/shear subscale ( Table 5 ) . Th e eff ect was particularly pronounced in the moisture, activity, and mobility subscales. People in the "often moist" category were 8.8 times (95% CI, 5.7-13.6) as likely as those who were in the "rarely moist" category to develop a pressure injury, while the risk of developing a pressure injury was relatively lower in the more severe "constantly moist" category (HRR = 4.2; 95% CI, 1.4-13.2). People whose activity fell in the midrange severity level of "chairfast" were 7.2 times (95% CI, 4.0-13.0) more likely to develop a pressure injury, whereas those who were bedfast were at relatively lower risk, (HRR = 4.5, 95% CI, 2.5-8.0). Similarly, individuals with "very limited" mobility were 5.7 times as likely (95% CI, 4.0-8.0) to develop a pressure injury compared to patients without mobility limitations, and those deemed "completely immobile" were more likely to develop a pressure injury than individuals without mobility limitations (HRR = 4.2, 95% CI 2.6-6.7).
Age and Braden Scale Score
Tables 4 and 5 identify the hazards of developing a pressure injury of stage 2 and greater and stage 1 and greater, respectively, associated with the Braden Scale categories for the total population and also for individuals who are older or younger than 65 years. However, the relationship between the Braden Scale subscale score and age was not linear in some subscales. Th erefore, in an eff ort to fully represent the age dimension, we used time-dependent Cox regression with natural cubic splines to model the association of developing a stage 2 or greater pressure injury with age. Analysis indicated that individuals in the high-and severe-risk cumulative Braden Scale categories experienced increases in risk for pressure injury development with advancing age, whereas the eff ect of age within the moderateand mild-risk categories was relatively static ( Figure 1 ) . Th e relationship between the Sensory Perception subscale, age, and pressure injury risk was linear, with increased risk at younger (19) 469 (47) 6061 (59) 256 (1) ages, and the increased risk among younger people was particularly pronounced in the "very limited" sensory perception group ( Figure 2 ) . Moisture was associated with increased risk for pressure injury among older individuals who were often moist, as opposed to older individuals in the occasionally or constantly moist categories, while younger people who were often moist did not experience increased risk relative to those who were either occasionally or constantly moist ( Figure 3 ). Pressure injury risk associated with activity was also more pronounced among older people, particularly among those who were in the "walks occasionally" category ( Figure 4 ) , whereas altered mobility (very limited mobility or completely immobile) conferred the most risk among younger people ( Figure 5 ) . Th e nutrition subscale showed increased rates of pressure injury development among older people, but not younger people, who had "very poor" nutrition status ( Figure 6 ). Finally, a friction/shear subscale score of "problem" was associated with dramatically increased risk for pressure injury compared to a score of "potential problem" or "no apparent problem" at all ages ( Figure 7 ).
DISCUSSION
We evaluated the eff ects of cumulative Braden Scale scores and subscale scores in pressure injury development in an adult ICU and found that individuals with cumulative and subscale scores in the intermediate-risk levels had the highest likelihood of developing a pressure injury among all subscale categories Mild risk (total score = 15-18) 2.2 (1.6-3.2), P < .001 1.7 (1.0-2.8), P = .053 2.4 (1.5-3.7), P < .001
Moderate risk (total score = 13-14) 5.7 (3.9-8.3), P < .001 4.1 (2.4-7.2), P < .001 6.1 (3.9-9.8), P < .001
High risk (total score = 10-12) 8.4 (5.7-12.6), P < .001 4.1 (2.1-8.3), P < .001 10.4 (6.5-16.6), P < .001
Severe risk (total score ≤ 9) 5.3 (1.6-17.1), P = .005 (Too few cases) 2.1 (0.3-15.1), P = .480
Slightly limited (score = 3) 2.1 (1.6-2.7), P < .001 2.9 (1.4-3.0), P < .001 2.1 (1.5-2.8), P < .001
Very limited (score = 2) 2.0 (1.4-2.8), P < .001 1.3 (0.7-2.6), P = .400 2.3 (1.6-3.5), P < .001
Completely limited (score = 1) 1.1 (0.6-2.1), P = .738 0.8 (0.2-3.1), P = .713 1.3 (0.6-2.7), P = .487
Occasionally moist (score = 3) 5.7 (4.5-7.1), P < .001 5.8 (3.9-8.5), P < .001 5.7 (4.3-7.6), P < .001
Often moist (score = 2) 12.5 (7.8-20.2), P < .001 45.5 (20.7-100.3), P < .001 8.7 (4.6-16.2), P < .001
Constantly moist (score = 1) 6.8 (2.2-21.5), P = .001 13.7 (1.9-98.8), P = . Very limited (score = 2) 7.7 (4.9-12.1), P < .001 7.2 (3.2-15.9), P < .001 7.9 (4.5-13.6), P < .001
Completely immobile (score = 1) 4.9 (2.7-8.8), P < . Potential problem (score = 2) 5.2 (4.0-6.7), P < .001 3.5 (2.3-5.4), P < .001 6.2 (4.5-8.6), P < .001
except the friction/shear subscale, according to which patients with the most severe score were at markedly increased risk for pressure injury development. We also found that the risk associated with the subscales varied with age. A major strength of this study was the use of a large data set incorporating repeated measures of Braden Scale scores that therefore refl ects the variability in an individual's risk status throughout his or her ICU stay. Although other studies have examined Braden subscale scores, those studies that relied on a single assessment (eg, admission Braden Scale score), a mean measure, or cross-sectional approaches did not take into consideration the dynamic nature of a patient's physiologic status in the ICU. 9 Th e fi nding that, with the exception of the friction/shear subscale, individuals with scores in the intermediate-risk levels had the highest likelihood of developing a pressure injury was unexpected. We speculate that nurses identifi ed patients at most severe risk and applied maximal preventive measures, which eff ectively prevented some pressure injuries from occurring among individuals in the highest-risk categories, whereas patients with moderate-risk scores may not have received the same level of preventive interventions. Th e lack of information about preventive measures, however, is an important limitation. Although we speculate that high-risk Braden subscale scores cued the nurses and the healthcare team to apply maximal preventive interventions for high-risk patients, it is also possible that another, unrecorded, factor contributes to higher risk of pressure injury development among midrange patients.
Th e interaction between age and Braden Scale scores and subscale scores, particularly the activity, moisture, sensory trauma patients make up a larger proportion of younger patients as opposed to older patients at our study site, a level 1 trauma center. Trauma patients are more likely than others to present with conditions that alter sensory perception such as head or spinal cord injuries. It is possible therefore that the increased risk associated with altered sensory perception among younger people is associated with the eff ects of traumatic injury in that age group. Older people with poor nutrition had higher rates of pressure injury development, whereas younger people with equal nutrition were not at increased risk for pressure injury development ( Figure 6 ). Although prior studies conducted among critical care patients did not reveal an association between pressure injury development and nutrition status, it is possible that age moderates the relationship due to decreased physiologic reserves among older people. 3 , 10 , 18 Unlike the cumulative score and the other subscales, results for the friction/shear subscale showed markedly increased risk among individuals of all ages. Experts note that friction-induced skin injuries are not true pressure injuries. In contrast, shearing forces cause a decrease in regional blood fl ow and therefore are important in pressure injury etiology. 27 , 28 Prior studies documented the harmful eff ects of shear among critical care patients. Cox 10 noted that critical care patients with a friction/shear subscale score of "problem" were more than 5 times (OR 5.0, 95% CI, 1.423-22.95) as likely to develop pressure injuries compared to the perception, and nutrition subscales, added an important dimension that should be considered as a factor in care planning. Older people with midrange severity activity scores ("walks occasionally") were at markedly increased risk for pressure injury development compared with younger people with the same score ( Figure 4 ) . Th e results suggest that nurses should implement maximal preventive measures for older people with even mildly limited activity ("walks occasionally" vs "walks frequently").
Moisture was associated with an increased risk for pressure injury among older people who were often moist, as opposed to older people in the occasionally or constantly moist categories, while younger people who were often moist did not experience an increased risk relative to those who were either occasionally or constantly moist ( Figure 3 ) . It is likely that even moderate or episodic occasions of moisture are particularly harmful to older people's skin due to age-related changes in tissue resilience 25 ; therefore, clinicians caring for older people in the ICU should be especially diligent in moisture management.
Th e sensory perception subscale showed increased risk for pressure injury development in younger critically ill patients ( Figure 2 ). Sensory perception is operationalized in the Braden Scale, based on an individual's responsiveness and ability to feel pain or discomfort, and has been implicated as an important factor for pressure injury development among trauma and orthopedic patients. 26 Although exact numbers are not available, rest of her sample. Th us, measures to prevent or ameliorate shearing forces, including lifts, should be prioritized for all critical care patients at risk for shear.
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LIMITATIONS
Study limitations include the retrospective design. In addition, we did not collect data about treatment factors and therefore we are unable to specifi cally identify which preventative measures were applied. Finally, we excluded individuals with community acquired pressure injuries from our sample. It is possible that people with community acquired pressure injuries are at increased risk for developing subsequent, hospital acquired, pressure injuries and therefore our results may not be generalizable to individuals who come to the hospital with an existing pressure injury.
CONCLUSION
We found that patients with cumulative Braden Scale scores and subscale scores in the intermediate-risk levels had the highest likelihood of developing a pressure injury among all subscale categories except the friction/shear subscale. We postulate that high-risk Braden subscale scores cued the nurses and healthcare team to apply maximal preventive interventions for the patients at highest risk and propose that, in light of our results, maximal preventive interventions should be extended to patients with midrange risk scores. We also found that the risk associated with the subscales varied with age, indicating that age should be considered along with the subscale scores as a factor in care planning. We advocate additional research that evaluates the eff ects of treatment measures related to Braden Scale scores and subscale scores. 
